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(57) A lithium secondary cell comprising a safe 
aqueous-solution electrolyte free from danger of firing 
and explosion and capable of supplying a high voltage 
of more than 3 V. The cell includes a positive plate hav- 
ing an active material absorbing/desorbing lithium ions 
and exhibiting a high voltage, a negative plate having 
an active material exhibiting a low voltage, a polymer 
solid electrolyte having a lithium-ionic conductivity, and 
an aqueous-solution electrolyte. The positive and neg- 
ative plates are coated with a polymer solid electrolyte 
having an ionic conductivity and therefore isolated from 
the aqueous-solution electrolyte by the plate coating 
layers. 



Fig.l 
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Description 

FIELD OF THE INVENTION 

[0001] The present inveption relates to a secondary 
battery using an aqueous electrolytic solution containing 
a lithium salt dissolved therein. 

BACKGROUND OF THE INVENTION 

[0002] Recently, lithium batteries are widely used for 
main powers of mobile telecommunication gears and 
portable digital assistants, as batteries with high elec- 
tromotive force and energy density. In general, these 
batteries are structured so as to use such compounds 
as lithium-containing oxides capable of intercalating and 
de-Intercalating lithium Ions and exhibiting high elec- 
trode potential, e.g. LixCoOg and Li^MnOg, as their pos- 
itive electrode active materials , and to use lithium metal 
or other materials such as graphite and amorphous car- 
bon capable of intercalating and de-intercaiating lithium 
ions and exhibiting low electrode potential like as lithi- 
um, as their negative electrode active materials. When 
these active materials are used In aqueous electrolytic 
solution, the reaction of lithium and water makes low po- 
tential as essential potential of lithium unstable and hin- 
ders the active materials from intercalating or de-inter- 
calatlng lithium ions, and accompanies water electroly- 
sis that makes the voltages lower than that at which the 
water electrolysis occurs. Forthese reasons, non-aque- 
ous electrolytes that contain no water in a strict sense 
are generally used for electrolytic layers.- 
[0003] Various forms are known as these non-aque- 
ous electrolytes. Such forms include: organic electro- 
lytes containing lithium salts dissolved in organic sol- 
vents; lithium-ion conductive solid electrolytes; so called 
"gel" polyelectrolytes containing organic electrolytic so- 
lutions held in polymeric matrixes; and dry electrolytes 
containing lithium dissolved In such organic polymers 
as polyethylene oxides. As described above, the use of 
non-aqueous electrolytes inhibits the reaction of lithium 
and water and makes the electrode reaction caused by 
lithium intercalation and de-intercalation stable. The use 
of non-aqueous electrolytes also avoids water electrol- 
ysis, and thus a high cell voltage far exceeding 1 .2 V of 
decomposition voltage of water and almost reaching 3 
to 4 V can be obtained in a stable manner. On the other 
hand, however, batteries using these non-aqueous 
electrolytes have problems related to their properties 
and safety peculiar to the form of each electrolyte. 
[0004] Among the various non-aqueous electrolytes 
shown above, organic electrolytes are most highly used 
for lithium secondary batteries. Typical organic electro- 
lytes widely used are those containing such lithium salts 
as lithium hexaf luorophosphate and lithium tetraf luorob- 
orate dissolved In such organic solvents as ethylene 
carbonate, diethyl carbonate, and dimethyl carbonate. 
In general, these organic solvents are highly voltaic and 



combustible. For such a reason, batteries using such 
organic electrolytes have risks that they might be ex- 
ploded by an Increase in their intemal pressure or may 
Ignite by catching fire if an abnormal increase in the tem- 

5 perature of the batteries or short-circuit Inside of the bat- 
teries should be caused by some reasons. In addition, 
there is another problem. In storage or transportation of 
combustible or flammable organic solvents and electro- 
lytes and batteries using such solvents, many limitations 

10 are imposed on their amount and handling conditions; 
therefore, their productivity and fomis of transportation 
are restricted. 

[0005] The above safety problems of combustible or- 
ganic solvents can be avoided by the use of inorganic 

^5 solid electrolytes instead that are not voltaic or flamma- 
ble in themselves, such as U3P04-Li2S-SiS2 and U^^. 
In order for these Inorganic solid electrolytes to serve as 
good electrolytes in the forni of batteries, the solid elec- 
trolytes must be milled, mixed with electrode materials, 

20 and molded. Therefore, they have such problems as 
contactabillty to active materials and moldability liquid 
electrolytes never have. The problems arise only be- 
cause they are solid. 

[0006] On the other hand, "gel" electrolytes that hold 

25 organic electrolytic solutions mixed with such a polar 
polymeric component as poly acrylon it rile in polymeric 
matrixes are disclosed, for example, in Japanese Patent 
Non-Examined Publication Nos, H04-306560 and 
H07-82450. Such a "gel" electrolyte has immobilized 

30 electrolytic solution, which has improved handling ap- 
parently. However, since this kind of "gel" polyelectro- 
lytes are the same as organic electrolytic solutions in 
using organic solvents, problems conceming safety, 
storage, and transportation essentially have not been 

35 solved. In addition, since the polymeric components in- 
crease ionic transfer resistance, batteries using "gel" 
polyelectrolytes tend to be worse than those using or- 
ganic electrolytic solutions In perfomnance. 
[0007] As other electrolytes, "dry" polyelectrolytes 

40 were developed. They are electrolytes containing lithi- 
um salts dissolved in, for example, polyethylene oxide, 
and an electrolyte as disclosed in Japanese Patent Non- 
Examined Publication No. HI 0-2041 72. This electrolyte 
has a structure of a cross-linking polymer of a polyether 

4s copolymer together with a solute dissolved therein. 
These "dry" polyelectrolytes, however, have an electric 
charge transfer mechanism in which mobile cations, i. 
e. lithium ions, and anions, i.e. counter ions of the lithium 
ions, transfer at the same time. This mechanism lowers 

so the cation transferenece number, thus posing a problem 
that transfer of the substances are rate-determining and 
rapid charge/discharge characteristics are unsatisfacto- 
ry 

[0008] Among these various problems of non-aque- 

55 ous electrolytes, those concerning safety that may lead 
to such accidents as explosion, catching fire, and Igni- 
tion should be addressed first from a practical point of 
view. In order to avoid these safety problems and im- 
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prove ionic conductivity as well, the application of aque- 
ous electrolytic solutions that have no rislcs of catching 
fire ignition in them and have excellent ionic conductivity 
is ideal. Then, some concepts of lithium secondary bat- 
teries using conventional aqueous electrolytic solutions 
were disclosed. 

[0009] For Instance, in Japanese Patent Application 
Non-Examined Publication No. H09-508490, a lithium 
secondary battery was disclosed, using a compound 
that intercalates and de-intercalates lithium ions and ex- 
hibits an electrode potential higher than that of lithium, 
such as LiMn204, or VOg for its positive electrode active 
materials, and a compound that intercalates and de-in- 
tercalates lithium ions and exhibits an electrode poten- 
tial similar to that of lithium, for its negative electrode 
active materials, and an alkali aqueous electrolytic so- 
lution containing a lithium salt such as LICI and LIOH 
dissolved in water. 

[0010] Moreover, released in a newspaper on June 9, 
1999, was a lithium secondary battery using, LiCo02, 
LiNi02, LiMn204, or LiV205 for its positive electrode ac- 
tive materials, and a vanadium compound such as 
LiV02, LiV303, or Iron compound such as y-FeOOH for 
its negative electrode active materials, and a neutral 
aqueous electrolytic solution containing lithium sulfate 
or lithium chloride dissolved in water as its electrolytic 
solution. 

[0011] However, according to the disclosure, each of 
these types of batteries was only structured to use an 
aqueous electrolytic solution in place of a non-aqueous 
electrolyte in the conventional lithium secondary batter- 
ies using non-aqueous electrolytes, and had operating 
voltages from 1 to 2 V. In reality, the stable operating 
voltage range was approximately 1 .2 V and these aque- 
ous electrolyte batteries essentially did not exceed the 
concept of those conventional batteries using aqueous 
electrolytes. Therefore, it had been considered that the 
batteries using aqueous electrolytic solutions were not 
capable of attaining such a high electromotive force at- 
tainable with lithium batteries using non-aqueous elec- 
trolytes. 

[0012] The present invention intends to realize a lith- 
ium secondary battery that has an aqueous electrolytic 
solution but exhibits high electromotive force attainable 
with a non-aqueous electrolyte secondary battery by 
paying attention to the following two points. The high cell 
voltage of a lithium secondary battery is obtained by an 
environment of a material intercalating and de-interca- 
lating lithium ions and an ion-conductive electrolyte 
without existence of water; and water electrolysis in the 
aqueous electrolytic solution is caused by the transfer 
of electrons between the electron-conductive elec- 
trodes and water molecules in contact therewith. More- 
over, the present invention also intends to realize a lith- 
ium secondary battery having a high level of safety in 
which no internal short-circuit is caused by dendrite 
growth, utilizing a feature of no electrical deposit of met- 
al lithium in aqueous electrolytic solutions. 



SUMMARY OF THE INVENTION 

[0013] In the present invention, disclosed is a lithium 
secondary battery having, as its basic structure to 

5 achieve the above purposes, positive and negative elec- 
trodes having active substances capable of intercalating 
and de-intercalating lithium ions; electrode coating lay- 
ers made of a water insoluble ion -conductive polymeric 
solid electrolyte covering the both electrodes; and an 

10 aqueous electrolytic solution that exists between the 
electrode coating layers on the above both electrodes 
and is separated from the positive and negative elec- 
trodes. 

[0014] In the structure of the present invention, like 

15 non-aqueous electrolyte batteries, reversible electric 
potential is generated by intercalation and de-intercala- 
tion of lithium Ions from the positive and negative elec- 
trodes coated with the non-aqueous polymeric solid 
electrolyte. The aqueous electrolytic solution exists be- 

20 tween the polymery solid electrolytic layers covering 
each of the positive and negative electrodes, and is only 
assigned for ionic conductivity of lithium ions. Because 
each of the above positive and negative electrodes is 
separated by the non-aqueous electrolyte lithium from 

25 the aqueous electrolytic solution, no electrons are trans- 
ferred between water molecules and the electrode 
plates. Therefore, no electrolysis will occur even if an 
electric potential higher than that of water electrolysis is 
generated between the positive and negative elec- 

30 trodes. This structure has enabled the accomplishment 
of a lithium secondary battery having safety and a cell 
voltage exceeding 3 V that had been considered attain- 
able only with conventional non-aqueous electrolytes 
even though the battery uses an aqueous electrolytic 

35 solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

40 

Fig. 1 Is a cross sectional view of a lithium second- 
ary battery in accordance with an exemplary em- 
bodiment of the present invention; and 
Fig. 2 shows charge and discharge curves of the 
"^s lithium secondary battery In accordance with the 
present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

50 [0016] An exemplary embodiment of the present in- 
vention related to its basic structural components is 
demonstrated hereinafter with reference to the accom- 
panying drawings. 

[0017] Rg.1 shows a lithium secondary battery in ac- 
55 cordance with the present invention. Reference numeral 
1 shows a positive electrode, 2 negative electrodes, 3 
a positive electrode current collector, 4 a positive elec- 
trode active material layer. 5 negative electrode current 
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collectors, 6 negative electrode active material layers. 
7 a positive electrode lead. 8 negative electrode leads, 
9 electrode coating layers. 10 separators, and 11 a 
package. 

[0018] Positive electrode 1 Is composed of positive 
electrode current collector 3 and positive electrode ac- 
tive substance layer 4 carried thereby. Similarly, nega- 
tive electrodes 2 are composed of negative electrode 
current collectors 5 and positive electrode active sub- 
stance layers 6 carried thereby. Connected to positive 
electrode currentcollector 3 and negative electrode cur- 
rent collectors 5, respectively, are positive electrode 
lead 7 and negative electrode leads 8. On each of the 
above positive electrode 1 and negative electrodes 2, 
electrode coating layers 9 are formed by a non-aqueous 
polymeric solid electrolyte that Is not electron-conduc- 
tive but ion-conductive. The positive and negative elec- 
trodes having electrode coating layers 9 are combined 
via the separators to fomn a group of electrodes and all 
of them are housed In aluminum-laminated package 11 . 
Positive electrode lead 7 and negative electrode leads 
8, grouped by polarity, pass through package 11, and 
are electrically insulated from package 11 . An aqueous 
electrolytic solution (not shown) fills the inside of the 
package and most of the solution Is Impregnated Into 
separators 1 0. 

[0019] Now, the surfaces of positive electrode lead 7 
and negative electrode leads 8 exposed from electrode 
coating layers 9 inside of package 11 must completely 
be separated from aqueous electrolytic solution. 
Though not shown In the drawing, such desirable meth- 
ods include: coating the surfaces of the current collec- 
tors or leads exposed in the cell with insulating resin; 
coating with resin the periphery surfaces of the separa- 
tors that does not face to the coating layers; and forming 
aqueous electrolytic layers immobilized with insulting 
powder or gelling agent instead of the separators. De- 
sirably, these methods are used in combination. 
[0020] In the structure of the present Invention, posi- 
five electrode 1 and negative electrodes 2 are separated 
from aqueous electrolytic solution impregnated into sep- 
arators 10 by a non-aqueous polymeric solid electrolyte 
that is not electron-conductive but ion-conductive. 
Therefore, positive electrode 1 and negative electrodes 
2 placed in an environment of the ion-conductive non- 
aqueous polymeric solid electrolyte are capable of in- 
tercalating and de-ihtercalating of lithium ions, like a 
conventional non-aqueous lithium secondary battery. 
Thus, these electrodes and the polymeric solid-like elec- 
trolyte are assigned solely to generate electromotive 
force. 

[0021] On the other hand, in order to advance the 
function of the battery, ionic conduction caused by ion 
transfer between two electrodes is necessary. This ionic 
conduction is sequentially performed by the polymeric 
solid electrolyte that coats positive electrode 1 and neg- 
ative electrodes 2, respectively, and the aqueous elec- 
trolytic solution interposed between the solid-like elec- 



trolyte layers and separated from the electrodes. In oth- 
er words, in the structure of the present invention, the 
aqueous electrolytic solution Is assigned solely to trans- 
fer charges via ions. 
5 [0022] Next, an exemplary embodiment of the major 
components of the lithium secondary battery structured 
as above is described. 

[0023] First, the positive and negative electrodes are 
surrounded by a non-aqueous polymeric solid electro- 
de lyte, and moreover, an aqueous electrolytic solution ex- 
ists as it is separated by the above polymeric solid elec- 
trolyte from the electrodes. It is necessary to know active 
materials that can intercalate and de-Intercalate lithium 
ions, and exhibit an electrode potential higher than that 
15 of lithium at the positive electrode or a low electrode po- 
tential similar to that of lithium at the negative electrode 
In a stable manner In such a specified environment. 
Studies on various compounds have revealed that pos- 
itive and negative electrode materials used for ordinary 
20 non-aqueous electrolyte lithium secondary batteries, 
such as spinel-type lithium-containing metal oxides, 
etc., were applicable. 

[0024] Especially preferable positive electrode active 
substances are compounds containing at least one 

25 component selected from the group consisting of 
LixCoOg, LixNiOg. Li^MnOg, LixC0yNi.|.y02, 
Li^COyM-j.yO^, LixNi^.yMyO^, UJ^n^O^, and 
LixMn2.yMy04 (M is at least one of Na, Mg, Sc, Y, Mn, 
Fe, Co, Ni, Cu, Zn, Al, Cr, Pb, Sb and B, and x = 0 to 

30 1 .2, Y = 0 to 0.9, 2 = 2.0 to 2.3). The above x value is a 
value before charge/discharge is started, that is, it 
shows composition and lithium proportion of the mate- 
rial when the mixture is prepared, and thus it changes 
along with intercalation and de-intercalation of lithium 

35 ions in the charge/discharge process. 

[0025] Usable positive electrode substances other 
than these cobalt and manganese oxides include tran- 
sition metal chalcogenides, a vanadium oxide and its 
lithium compounds, a niobium oxide and its lithium com- 

40 pounds, a conjugate polymer using organic conductive 
materials, and Chevril's phase compounds. It is also 
possible to use a plurality of different positive electrode 
active materials in combination. The average diameter 
of particles of the positive electrode active substances 

45 is not specifically defined; however, preferably it Is 1 to 
30 |im. 

[0026] Preferable and applicable negative electrode 
active substances other than metal lithium include a sin- 
gle substance or compound containing at least one se- 

50 lected from the group consisting of: pyrolytic carbons ca- 
pable of intercalating and de- intercalating lithium; such 
cokes as pitch cokes, needle cokes, and petroleum 
cokes; graphite materials; glassy carbons; fired organic 
polymeric compounds obtained by firing and carbonlz- 

55 ing phenol or furan resins at proper temperatures; such 
carbon materials as carbon fibers and active carbons; 
polymers such as polyacetylene, polypyrrole and poly- 
acene; and lithium-containing transition metal oxides or 
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transition metal sulfates, such as Li4/3Tl5/304 and T1S2- 
[0027] Among these substances, carbon materials 
are most suitable. For example, the use of graphite of 
which lattice spacing (002) is 0.340 nm or shorter pro- 
vides high energy density. The above materials can be 
used in combination. 

[0028] The above positive and negative electrode ac- 
tive substances are kneaded with conductive materials 
and binders to form active substamce mixtures, and are 
applied to and charged on positive electrode current col- 
lector 3 and negative electrode current collectors 5. 
[0029] For conductive materials for the positive elec- 
trode mixtures, any electron-conductive material is 
widely applicable on condition that it does not chemically 
change within the range of charge and discharge poten- 
tials of the positive electrode materials in use. Examples 
of such materials Include: graphite materials including 
natural graphite (scale-like graphite) and artificial graph- 
ite; carbon black materials such as acetylene black, 
Ketzen black, channel black, furnace black, lamp black 
and themnal black; conductive fibers such as carbon fib- 
ers and metallic fibers; fluorinated carbon; metal pow- 
ders such as, copper, nickel, aluminum, and silver; con- 
ductive whiskers such as a zinc oxide and potassium 
titanate; conductive metal oxides such as a titanium ox- 
ide; and organic conductive materials such as polyphe- 
nylene derivatives. These substances can be used in- 
dependently or in combination. Among these conduc- 
tive materials, artificial graphite, acetylene black, and 
nickel powder are especially preferable. 
[0030] The amount of the above conductive materials 
to be added is not specifically defined; however, 1 to 50 
weight percent is preferable. In order to make the ca- 
pacity and characteristics balanced, especially 1 to 30 
weight percent is preferable. For carbon and graphite, 
2 to 15 weight percent is appropriate. 
[0031 ] As conductive materials for the negative elec- 
trode mixture, electron-conductive materials are widely 
applicable. Examples of such materials include: graph- 
ite materials such as natural graphite (scale-like graph- 
ite) and artificial graphite; carbon black materials such 
as acetylene black, Ketzen black, channel black, fur- 
nace black, lamp black and themial black; conductive 
fibers such as carbon fibers and metal fibers; fluorinated 
carbon; metal powders such as, copper and nickel; and 
organic conductive materials such as polyphenylene 
derivatives. These materials can be used independently 
or in combination. Among these conductive materials, 
artificial graphite, acetylene black, and carbon fibers are 
especially preferable. 

[0032] The amount of the above conductive materials 
to be added is not specifically defined; however, 1 to 50 
weight percent is preferable. In order to satisfy both the 
capacities calculated by charged active substances and 
characteristics, 1 to 30 weight percent is especially pref- 
erable. Because carbons have electron conductivity in 
themselves, negative electrode substance layers 6 of 
the present invention can work as negative electrodes 



without any additional conductive materials. 
[0033] Each of the negative and positive electrode 
mixtures can contain a binder, filler dispersant, ion con- 
ductor, and other various additives as required, other 

5 than the above conductive material. 

[0034] Fillers are reinforcements, and any material 
that does not chemically change in the constructed bat- 
tery can be used in the form of fibers. Generally, such 
olefinic polymers as polypropylene and polyethylene, 

10 and such fibers as glass and carbon are used. The 
amount of the filler to be added is not specifically de- 
fined; however, 0 to 30 weight percent is preferable. 
[0035] The ion-conductive material can be the same 
polymeric solid electrolyte for forming electrode-coating 

fs layers; however, other non-aqueous ion-conductive ma- 
terials can be used. 

[0036] The mixture of the above various materials are 
suitable to be kneaded with water or organic solvents 
and used as paste. The active material mixtures are 

^0 charged on positive electrode current collector 3 or neg- 
ative electrode current collectors 5, respectively, in an 
usual manner, and dried to form active material layer 4 
of positive electrode 1 and active material layers 6 of 
negative electrodes 2. 

25 [0037] For positive electrode current collector 3. any 
electron-conductive material can be used on condition 
that it does not chemically change at the charge and dis- 
charge electrode potentials of the positive electrode ma- 
terial in use. Examples of such materials include alumi- 

30 num or stainless steel surface-treated with cartoon or ti- 
tanium as well as stainless steel, aluminum, titanium, 
carbon, and conductive resin. Among these, aluminum 
and aluminum alloys are light and highly electron-con- 
ductive; thus they are preferable materials. 

35 [0038] These materials can also be used after their 
surfaces have been oxidized. Those treated to have as- 
perities on their surfaces are also a preferable form. The 
shapes of the current collector include a film, sheet, net, 
punched metal, lath, porous body, foam, grouped fibers, 

40 and a formed non-woven cloth as well as a foil. The 
thickness is not specifically defined; however, collectors 
1 to 5 |im thick are preferable. 

[0039] Next, the materials of electrode coating layers 
9, one of the major components of the present invention, 

45 are described. Naturally, it Is necessary that the materi- 
als of electrode coating layers 9 should not be water- 
soluble or electron-conductive, or should not be dis- 
solved in or react with aqueous electrolytic solution. Ba- 
sic requirements of the coating materials are as follows: 

50 they are non-aqueous and lithium-ion conductive; and 
they can provide an environment where the active ma- 
terials of the positive and negative electrodes can inter- 
calate and de-intercalate lithium ions. Preferable mate- 
rials that can satisfy the above requirements include an 

55 ion-conductive polymer containing a lithium salt dis- 
solved in a polymer selected from a group consisting of: 
polyester, polyamine, polysulfide, polyether copoly- 
mers, polyether cross-linking bodies, and comb shaped 
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polymers having polyether side chains. 
[0040] Among the substances, ionic conductive poly- 
meric solid electrolytes having lithium salt on those side 
chains of polymer substsnces, and mixture of com- 
pounds having carbon-carbon double bonds and the s 
lithiumsilylamido compounds. The applicable lithiumsi- 
lylamido compounds include lithium bis trimethylsilyla- 
mide and lithium bis trlethylsiiylamide. 
The compounds having carbon-carbon double bonds in- 
clude methacrylonitrile, acrylonitrile, acrylic acid, meth- io 
acrylic acid, maleic acid, itaconic acid, vinyl propionic 
acid, methyl acrylate, ethyl acrylate, nonnal propyl acr- 
ylate, isopropyl acrylate, nomnal butyl acrylate, methyl 
methacrylate, ethyl methacrylate, hydroxylethyl metacr- 
ylate, vinyl formate, vinyl acetate, butadiene, vinylene is 
carbonate, vinyl ethylene carbonate, and divinyl ethyl- 
ene carbonate. Any other compound having carbon-car- 
bon double bonds can be used by separate polymeriza- 
tion. 

[0041] The above electrode coating materials can be 
used by mixing with water-repellent binders and organic 
solvents, as required. Preferably, the above materials 
are applied to the surfaces of positive electrode 1 and 
negative electrodes 2 to form electrode-coating layers 
9. Since the function of the battery of the present inven- 2S 
tion is performed on condition that positive electrode 1 
and negative electrodes 2 are not in contact with the 
aqueous electrolytic solution, the entire electrodes 
should not be coated necessarily if the battery is struc- 
tured to have the aqueous electrolytic solution impreg- 30 
nated into separators and completely retained therein 
without seeping out. Providing electrode coating layers 
9 only on the surfaces of positive electrode 1 and neg- 
ative electrodes 2 facing to the separators to separate 
the electrodes from the aqueous electrolytic solution 35 
has the same function as shown here and this fonn is 
included in the present invention. 
[0042] Next, aqueous electrolytic solutions are de- 
scribed. The aqueous electrolytic solutions are pre- 
pared by dissolving lithium salts in water. As the require- 40 
ments of lithium salts, they should be water-soluble and 
highly conductive and should not react with the material 
of electrode coating layers 9. The lithium salts to be dis- 
solved in water include: bis [trifluoromethane sulfonate] 
imido lithium (CF3S02)2NLI, bis [pentafluoroethane sul- 
fonate] imIdo lithium (C2F5S02)2NI-i. bis [1 ,2 benzendi- 
olate(2-)-0,0'] lithium borate, bis [2,3 naphtalenediolate 
(2-)-0,0'] lithium borate, bis [2,2' biphenyldioiate(2-)-0, 
C] lithium borate, bis [5 fluoro-diolate-1 benzene sul- 
fonate (2-)-0,0'] lithium borate, lithium hexafluorophos- 50 
phate (LiPFg), lithium hexafluoroantimonate (LiSbFe), 
lithium hexafluoroarsenate (LiAsFg), lithium tetrafluor- 
oborate (LiBF^.), lithium perchlorate (LiCIO^), lithium 
chloride (LiCI), lithium bromide (LiBr), lithium hydroxide 
(LiOH), lithium nitrate (LiNOa), and lithium sulfide 55 
(LigSO^). 

[0043] The group of electrodes is configured so that 
porous separators are placed between positive elec- 



trode 1 and negative electrodes 2, all of which are in- 
serted into package 11 . An aqueous electrolytic solution 
is provided into package 11 . The fomis of providing the 
aqueous electrolytic solution include: pouring the solu- 
tion after the group of electrodes is inserted into pack- 
age 11 as mentioned above; impregnating the solution 
into porous separators 10; and kneading the solution 
with gelling agent and placing the mixture between elec- 
trode coating layers 9 on the both electrodes in place of 
separator layers 10. Any of these forms can be . used 
independently or in combination. 
[0044] The positive electrode current collector and the 
lead are connected, and the exposed parts are insulated 
at any time before the electrodes are inserted into the 
package. 

[0045] For package 11 , light resin materials such as 
polypropylene, ABS, polyethylene, and epoxy resin, can 
widely be used. Laminated metals such as aluminum 
and titanium can be used as required. 
[0046] After the battery has been constructed as 
above, the package is temporarily sealed. After being 
subjected to necessary steps such as initial charging 
and inspection, the package is sealed again. 
[0047] As described above, the lithium secondary bat- 
tery of the present invention is characterized by having: 
positive and negative electrodes having active materials 
capable of . intercalating and de-intercalating lithium 
ions; electrode coating layers made of a water insoluble 
ion-conductive polymeric solid electrolyte and covering 
the both electrodes,; and an aqueous electrolytic solu- 
tion that exists between the electrode coating layers on 
the above both electrodes. Although this lithium second- 
ary battery has an aqueous electrolytic solution, it has 
excellent safety and provides a high battery voltage sim- 
ilar to that attainable with conventional secondary bat- 
teries using non-aqueous electrolytes. 
[0048] Next, the function of the battery in accordance 
with the present invention is described with reference to 
examples. 

Example 1 : 

[0049] The positive electrode plate was made by the 
steps of: mixing 85 weight percent of lithium cobalt di- 
oxide powder as a positive electrode active substance, 
10 weight percent of carbon powder as a conductive 
agent, and 5 weight percent of polyvinylidene fluoride 
resin as a binder; dispersing this mixture with dehydrat- 
ed N-methylpyrrolidlnone to prepare a positive elec- 
trode mixture in the form of slurry; and applying the slur- 
ry to an aluminum foil used as positive electrode current 
collectors, drying, and then rolling it. 
[0050] On the other hand, the negative electrode 
plates were made by the steps of: mixing 75 weight per- 
cent of artificial graphite powder as negative electrode 
active substances, 20 weight percent of carbon powder 
as a conductive agent, and 5 weight percent of polyvi- 
nylidene fluoride resin as a binder; dispersing this mix- 
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ture with dehydrated N-methylpyrrolidinone to prepare 
a negative electrode mixture in the fonrj of slurry; and 
applying the slurry to copper foils used as the negative 
electrode current collectors, drying, and then rolling 
thenn. s 
[0051] The polymeric solid electrolyte for coating the 
electrodes were prepared by mixing and stin-lng 2.002g 
of ethyl acrylate with a molecular weight of 1 00. 11 7 and 
3,3466 g of lithium bis trimethylsilylamido with a molec- 
ular weight of 166.330 for 30 minutes in a dry atmos- io 
phere with a dew point of -30 • or below. Next, the above 
ion-conductive polymeric solid electrolyte was applied 
to the surfaces of the positive and negative electrodes 
using the doctor blade method and polymerized under 
a dry air current to form electrode coating layers. 
[0052] Next, leads were connected to the current col- 
lectors of the above electrode plates, the exposed sur- 
faces of the current collectors and leads were coated 
and insulated with epoxy resin. Then, one positive elec- 
trode and two negative electrodes coated with the above 20 
polymeric solid electrolyte were placed opposite with 
each other via polyethylene separators and housed into 
a polyethylene package laminated with aluminum with 
the positive and negative electrode leads protruding 
from the package. 25 
[0053] For the aqueous electrolytic solution, 1.25 M 
of bis tripentafluoroethane sulfonate imido lithium solu- 
tion was prepared and poured into the above package. 
The aluminum-laminated package was heat-sealed and 
the lithium secondary battery with a design capacity of 30 
120 mAh in accordance with the present invention was 
produced. 

Example 2: 

35 

[0054] A lithium secondary battery was produced ac- 
cording to the procedure shown in Example 1 except 
that an ion -conductive polymeric solid electrolyte sub- 
stance containing lithium tetrafluoroborate dissolved in 
a polyester and represented by a chemical fonnula [O 40 
(CH2)(CH2)OCO(CH2)mCO]n(m and n: positive integer) 
was used for the electrode coating layer, and 1 .5 M of 
lithium tetrafluoroborate solution for the aqueous elec> 
trolytic solution. 

[0055] Next, in order to clarify the function of the lith- 
ium secondary battery of the present Invention, 
chargeldischarge tests were performed on these pro- 
duced batteries at a current of 12 mA, the equivalent of 
0.1 C of the designed capacity of 120 mAh. The charge 
completion voltage was determined as 4.1 Vandthedis- 
charge completion voltage as 3.0V. 
[0056] The changes in the charge and discharge volt- 
ages are shown in Fig. 2. Since the batteries of the 
above two Examples exhibited almost the same char- 
acteristics, only the characteristics of Example 1 are ss 
shown in the chart as a typical example. 
[0057] As best seen in the chart, the lithium secondary 
batteries of the present invention exhibited a high dis- 



charge voltage exceeding 3 V in a stable manner even 
though they use aqueous electrolytic solutions. Moreo- 
ver, using aqueous electrolytic solutions having consid- 
erably smaller ionic transfer resistance than convention- 
al non-aqueous electrolytes, these batteries of the 
present invention exhibited more excellent voltage char- 
acteristics than non-aqueous electrolyte lithium second- 
ary batteries. As theoretically calculated from the weight 
of the active substances, a capacity of about 120 mAh 
proved to be obtained. 

[0058] Ion-conductive polymeric solid electrolytes 
shown in these Examples are: a polymer made of ethyl 
acrylate and lithium bis trimethylsilylamido; and a poly- 
mer made of a polyester polymer represented by a 
chemical formula [0{CH2)(CH2)OCO(CH2)mCO]n as Its 
structure, and lithium tetrafluoroborate mixed therein. 
However, the present invention Is not limited to the 
above Examples. Any other water insoluble ion-conduc- 
tive polymeric solid electrolyte can be used and its com- 
position can be selected arbitrarily. 
[0059] The materials of positive electrode active ma- 
terials, negative electrode active materials, electrode 
coating layers, and aqueous electrolytic solutions, all of 
which are major components of the present invention, 
are not limited to those described in the above Exam- 
ples, and various combinations already given as the pre- 
ferred embodiments can be used. In addition, as for the 
structure of lithium secondary batteries of the present 
invention, any fonn can be used on condition that the 
battery has a basic structure in which the electrodes are 
in contact with the polymeric solid electrolyte but sepa- 
rated from the aqueous electrolytic solution by the pol- 
ymeric solid electrolyte. The fonns are not limited to 
those shown in the above Examples. 
[0060] Any form of the batteries can be selected from 
a coin, button, sheet, lamination, cylinder, flat, square 
as well as a package shown in these Examples. 

INDUSTRIAL APPLICABILITY 

[0061] As described above, by using a safe aqueous 
electrolytic solution, the lithium secondary battery of the 
present invention can attain a high voltage and excellent 
charge/discharge characteristics comparable to those 
of conventional non-aqueous lithium secondary batter- 
ies. The battery of the present Invention can widely be 
utilized for driving power sources of electric vehicles, hy- 
brid cars, motor bicycles, and the like, and other various 
power sources of small household power storage devic- 
es, personal digital assistants, mobile electronic gears, 
and the like. 



Claims 

1. A lithium secondary battery comprising: 

a positive electrode and negative electrodes 
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having active substances capable of intercalat- 
ing and de-intercalating lithium ions; 
electrode coating layers made of a water insol- 
uble ion-conductive polymeric solid electrolyte 
and covering said both electrodes; and 5 
an aqueous electrolytic solution existing be- 
tween said electrode-coating layers on said 
both electrodes. 

2. The lithium secondary battery as defined in Claim io 
1 wherein 

said polymeric solid electrolyte is an ion-con- 
ductive polymer containing a lithium salt dissolved 
in at least one kind of polymers selected from a 
group consisting of: polyester, polyamine, 
polysulfide, polyether copolymers, polyether cross- 
linking bodies, and comb shaped polymers having 
polyether side chains. 

3. The lithium secondary battery as defined in Claim 
1 wherein 

said polymeric solid electrolyte is an ion-con- 
ductive material having lithium salts as polymer side 
chains. 

25 

4. The lithium secondary battery as defined in Claim 
1 wherein 

said polymeric solid electrolyte is a mixture of 
a compound having carbon-carbon double bonds 
and a lithium silylamide compound. 30 

5. The lithium secondary battery as defined in Claim 
1 wherein 

said positive electrode contains at least one 
component selected from a group consisting of: 3S 
Lij^CoOg, LixNi02, LixMn02, C0yNi.,.y02, 
LixC0yMi.y02. LixNii.yMy02, LlxMn202, and 
LixMn2.yMy02 (M is at least one of Na, Mg, Sc, Y, 
Mn, Fe, Co, Nl, Cu, Zn, Al, Cr, Pb, Sb and B, and x 
= 0 to 1 .2, Y = 0 to 0.9. 2 = 2.0 to 2.3). 40 

6. The lithium secondary battery as defined in Claim 
1 wherein 

said negative electrode contains at least one 
component selected from a group consisting of: 
metal lithium; pyrolytic carbons capable of interca- 
lating and de- intercalating lithium; cokes; graphite 
materials; glassy carbons; fired organic polymeric 
compounds; carbon fibers; active carbons; such 
polymers as polyacetylene, polypyrrole and poly- so 
acene; and one of lithium-containing transition met- 
al oxides and transition metal sulfates, such as 
^^4/3^^5f3^4 and TiS2 

55 
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Fig. 2 
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Positive electrode 
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Negative electrodes 


3 


Positive electrode current collector 
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Positive electrode active substance layer 
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Negative electrode current collectors 
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Negative electrode active substance layers 
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Positive electrode lead 
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Negative electrode leads 
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Electrode plate coating layers 


10 


Separators 


11 


Package 
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